CARBON EMISSION AND PRODUCTION TECHNOLOGY: EVIDENCE FROM THE US
Fossil fuel carbon emission generated by the US has been increasing continuously over the long past several decades, while at the same time; the number of technological innovation (design patents) has been increasing rapidly. Figure 1 shows the rising trends of CO 2 emission and design patents representing technological innovations. Per capita carbon emission is also not declining except in mid 1970s growth rate declined by 0.04 percent which is good for the US but less than desired level, while annual growth rate of total fossil fuel carbon emission and design patent increased by 1.14 and 6.86 percent, respectively. Section I of this paper discusses on production design patent and explains a simple theory how it helps to reduce pollution in a growing economy. Section II provides empirical results that growth of production design innovations reduces emission in short run only. In long run, both innovation and emission rise -especially long past innovations (design patents) are the cause of increasing carbon emission in the US. This finding helps to formulate proper economic policy to arrest the rising CO 2 emission.
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Truly, recent global climate change challenges to the existing production technology in the world. To tackle the climate change general opinion is the adaption of the green or clean technology. General perception is that developed nations have the clean and green technology that is acquired through innovations which is protected in the name of patent rights. It is discussed in details in section I.
Section II uses data from the US Patent and Trademark Office (USPTO) to show the trend of design patents. The US economy dominates in holding the world patents. Definitely the US might have been attempted to innovate green technology to dominate its position over the world economy. Patent registration at the USPTO is high and dominates its position in the world over last several decades. Therefore, it is highly expected that the US should provide efficient technology both in terms of productivity and energy saving innovations. So, as per general believes, the US should be the least polluter in the world. In contrast, the US is on the top of carbon 3 to the production process to be efficient in terms of either productivity or energy saving. Ultimately energy requirement per unit of output will be less for each production design innovation. So, any improvement in production system through certain change in ornamental design of product or production process helps to save energy and reduce emission. Each production design innovation should be energy efficient.
Intuitively technological innovations could be the cause of reduction of carbon emission. Climate change is a global public good and acts as a constraint for economic growth. A careful study is necessary to understand the causal relationship between production design innovation and carbon emissions. This paper attempts to investigate the long run equilibrium relationship between production design innovations, economic growth and carbon emissions with short run dynamics. It is important to formulate proper policy for mitigating climate change for the country and the world as a whole. Production technology plays a vital role for the low carbon and green economy.
I. Production Technology

A. Production Design Innovations and Patents
Technological innovation is a vast area but this study mainly concentrates on production design innovation 2 which is the main concern of carbon emission in the production process. General believe is that as number of patent on production design innovation increases, the energy consumption reduces and thereby mitigates climate change. This is important to tackle the global climate change with appropriate policy 4 and formulate strategy for economic development with rising production design innovations.
"Patent is an important legal document, issued by an authorized government agent, granting the right to exclude anyone else from the production or use of a specific new device, or process" for certain defined years. It is issued, generally, "to the inventor of the device or process after" a thorough examination focusing "on both the novelty of the claimed item and its potential utility. The right embedded in the patent can be assigned by the inventor to somebody else, usually to his employer, a corporation, and/or sold to or licensed for use by somebody else" (Griliches 1990 . The main purpose of the patent system is "to encourage invention and technical progress both by providing a temporary monopoly for the inventor and by forcing the early disclosure of the information necessary for the production of this item" or the operation of the new process (Griliches 1990). Thus, patent registration is considered as a proxy for innovation and provides country"s technological capabilities (Griliches 1990 , Lall 1992 , Archibugi and Coco 2004 , 2005 . So, the patent registration of a country shows the trends in the improvement of technological strength (Tong and Frame 1994) .
This paper considers the production design patent (DGPNT) as a proxy of production technology. Production design patent is issued for new, original and ornamental design for an article of manufacture. Market ambitions are the prime mover for new innovations in a matured capitalistic economy (Lall (1992) ). The technological progress towards green should be captured in terms of production design patents which must be reflected with less pollution in the efficient production process. Thus, this paper tries to argue that growing production design patent might be the cause of reduction of pollution.
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Grossman and Krueger (1991), Komen et al. (1997) , Andreoni and Levinson (2001) suggest that environmental quality improves with technological progress.
Brunnermeier and Cohen (2003) emission, which is the main culprit of global warming and climate change that may act as a constraint for further economic growth. Using the US data, this paper investigates the causal linkage among income, production design innovation and carbon emission -a study on the long run relation with short run dynamics.
B. Theoretical background Production function
Following Solow (1956), considering one-good economy, output is produced by only composite capital, k, for a given technology. Production function of this economy
The production of the economy, y, depends only on composite capital k, which also generates pollution as a by-product.
Pollution and Choice of Technology
Pollution is unavoidable and an inherent relation with production process using capital for any available technology. Only technological improvements eliminate pollution. Suppose  , be the rate of pollution, is a proportion of output. Pollution rate,  , may be a decreasing (increasing) function of technological improvement. For simplicity, initially this paper assumes constant  . Pollution is generated directly with production but inversely with available cleaner technology. The pollution flow at each moment is proportional to output production and inverse to the technological availabilities, i.e.,
Where p is the pollution, A is the number of available clean technology in the economy. Higher value of A suggests more available clean technology (Reis 2001) in the economy. Choice of technology depends on availability and accessibility for all.
For low value of A choice is limited whereas higher value of A provides more alternatives and freedom of choice for cleaner technology. Basic assumption is that any upgradation in production design in terms of either productivity or energy efficiency is considered as clean technology. It suggests that any production design innovation increases output for given inputs or less inputs are required for given output. Thus, per capita output requires less input. In other words, with production design innovations the input-output ratio decreases and consequently pressure on environment reduces.
Pollution is generated directly with production for a given technology at given time. However, over time a nation moves towards more and more clean technology 7 through continuous upgradation or/and innovation. So, clean technology also changes over time and become cleaner. The innovation outcome depends on the R & D expenditure, physical and human capital. Thus, stock of capital and technological progress jointly determine pollution, p, in long run 3 . The long run relation is (taking log of eq. (2))
Steady State
The steady state relationship between the growth rate of pollution, income and technology is derived from eq.(3), (differentiating with respect to time,) i.e., 
and corresponding steady state relationship will be
Theoretically it is clear that pollution growth rate increases with economic growth but clean technological progress in production process reduces pollution in long run.
Empirical verification is important in this context. Now we verify its empirical validity using a country specific data.
II. Empirical Strategy
A: Data and Methodology
Data Sources
Patent registration is considered as a proxy for innovation and provides country"s 
B: Empirical Analysis Preliminary results
Preliminary observations are summarised in Table 1 , which shows decade wise average annual growth rate of income, carbon emission and production design patents (i.e., the proxy of the production technology). Over all DGPNT growth rate is 4.76 percent during 1963-2007 whereas RGDPCH and PcCO2 growth rates are 2.24 and 0.39 percent, respectively. The critical decade was 1970s in which growth rates of RGDPCH and PcCO2 decreased but DGPNT growth rate declined drastically, it was negative i.e., -0.3 percent. In 1980s, the US economy improved marginally with emission after global recession in 1981-82 following the oil crisis in 1970s; whereas the growth rate of DGPNT increased sharply in 1980s (4.34 percent) and reached at the pick (6.08 percent) in the last decade (1990s) of the 20 th century. As soon as technology sharply increased in 1980s and consequently PcCO2 growth rate declined drastically, it was negative growth rate, i.e., -0.38 percent in 1980s. Figure 2 provides its graphical presentation of decadal growth of RGDPCH, PcCO2 and DGPNT. The primary observations suggest that there is a strong relationship between PcCO2, RGDPCH and DGPNT. Economic growth theory also supports it.
Basic findings
Let us analyse the characteristics of data. Panel A of 
This estimated long run equilibrium relationship suggests that both income and production design innovation raise emission level in the USA. So, in long run production technological innovation level increases carbon emission level instead of reduction that contradicts our general perception and theoretical base (see, equation (8)). In long run production design innovations are bad for the environment.
It is more important for the growth rate rather than level. 
C: Forecast Error Impulse Response
Finally, this paper forecasts error impulse responses for future period using VECM.
Using the forecasts technique, this paper highlights on the error impulse responses of the concern variables 7 . The impulse response analysis quantifies the reaction of every single variable in the model on an exogenous shock to the model. The impulse 7 Paper also investigates the response of production design innovation to CO 2 emission.
14 response analysis is a tool for inspecting the inter-relation of the model variables. Two special cases of shocks could be identified: the single equation shock and the joint equation shock where the shock mirrors the residual covariance structure. In the first case paper investigates forecast error impulse responses, in the latter orthogonalized impulse responses. The reaction is measured for every variable a certain time after shocking the system.
The impulse response analysis is a tool for inspecting the inter-relation of PcCO2, DGPNT and RGDPCH. Figure 3 shows the forecast error impulse responses for 20 years. Column wise figures (in Fig. 3) show the forecast error impulse responses of PcCO2, DGPNT and RGDPCH on all three variables, respectively. For example, figures of the 2 nd column provide the impact of DGPNT on all three variables (PcCO2, DGPNT and RGDPCH). The central figure (in Fig 3) shows that DGPNT forecasts on its own impulse response. It also suggests that after 10 years impulse response of DGPNT stabilizes. For the corresponding period, PcCO2 and RGDPCH impulses also stabilize. From this finding this study might suggest to reduce patent protection right from its current specified years. Reduction of the period of patent right encourages the producers to take initiative for rapid innovations or redesigns the production process. Quick adoption of patents definitely helps to reduce carbon emission. This may stimulate to innovate for better and efficient alternative technology to curve down carbon emissions and thereby global warming. So, only the change in production technology is the root cause of reduction of carbon emission with maintaining economic growth.
III. Conclusion
This paper focuses on the technological growth aspects especially for innovations in production technology which is observed in the production design innovation. The paper provides evidence that the long run relation with short run dynamics between carbon emission, production design innovations and economic growth.
This paper shows that production design innovations raise carbon emission in long run, which contradicts the general perception. This finding suggests that progress in production technology reduce PcCO2 growth in short run and production design innovation is the central force that causes income growth as well as emission reduction which is highly desirable. This study also observes a specific kind of causality running from production design innovation to CO 2 emission in the USA during 1963 -2007.
The impulse response system also supports that carbon emission is heavily reduced in the channel of income growth. The impulse responses of production design patents suggest shortening the patent protection right that might encourage innovating or redesign production processes that definitely reduce emission in short run. So, policy makers should give more emphasis on R & D related to production design innovation which helps to curve down emission with raising income.
It will be more focused if the data are available for sector or industry specific and more representative countries. More research is required in this direction. 1 9 6 3 -6 9 1 9 7 0 -7 9 1 9 8 0 -8 9 1 9 9 0 -9 9 2 0 0 0 -0 7 Decade growth rate PcCO2 RGDPCH DGPNT (ii) "***" and "**" indicate significance at 1% and 5% level, respectively.
(a) All three variables follow integration of order one, i.e., I(1).
(b) LR test indicates that there is one co-integrating equation at 5% significance level. (ii) "***", "**" and "*" indicate significance at 1%, 5% and 10% level, respectively.
